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YEAN  CONDITIONS  AND  TURBULENCE  STATISTICS  AT  VANDENBERG  AFB 


by 


Gordon  E.  Schacher,  Chuck  E.  Skupniewicz,  and  Mike  Buell 


ABSTRACT 

One  full  year  of  meteorological  data  has  been  gathered  at 
Var.  den  berg  AFB,  quality  assured,  and  archived.  These  data 
include  mean  meteorological  conditions  and  horizontal  wind 
turbulence  statistics.  Details  of  the  available  data,  processing 
of  the  data,  and  analyses  that  have  been  and  are  being  performed 
are  described  in  this  report.  Daily  synoptic  conditions  and  an 
analysis  of  the  diurnal  variation  of  the  wind  for  the  period  are 


al30  included. 
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I .  Ir.iroduction 

_  This  report  describes  the  results  of  a  one-year  program  to 

gather  meteorological  data  at  Van  den  berg  AFB,  CA.  The  purpose  of 
the  program  was  to  obtain  data  that  would  allow  characterization 
|  of  the  mean  flow  and  turbulence  in  complex  terrain.  One  full 

year  of  data,  24  hours  a  day,  was  obtained  so  that  the  full  range 
of  meteorological  conditions  at  the  site  would  be  experienced  and 
to  establish  statistical  validity. 

The  principal  goal  of  the  study  is  to  characterize  the 
turbulence,  providing  a  data  base  for  modeling  diffusion  in 
complex  terrain.  Immediate  applications  being  addressed  are: 

2  pa  ce  Shuttle  exhaust  hazard,  site  specific  diffusion  at 
Van  den  berg,  and  generic  features  of  flow  and  turbulence  in 
complex,  coastal  terrain. 

Because  the  data  may  ultimately  be  used  for  modeling  a  wide 
variety  of  situations,  such  as  continuous  plumes,  burst  releases, 
rocket  exhaust,  the  data  acquisition  proceedures  must  be  well 
designed.  Specifically,  sampling  must  be  done  so  that  the  full 
range  of  the  turbulence  spectrum  that  is  important  for  all  types 
of  diffusion  is  acquired. 

Details  of  the  sensors,  their  locations,  data  acquisition 
proceedures,  and  the  equipment  used  can  be  found  ir.  a  previous 
report  (Schacher  and  Stanton,  NPS-61  -84-005  )  .  Tnis  report  will 
cover  those  aspects  in  only  a  cursory  fashion,  for  sake  of 
completeness.  The  purpose  of  this  report  is  to  describe  the 
status  of  the  data  that  has  been  obtained  and  to  outline  how  to 
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use  it.  Auxiliary  data  has  been  obtained  and  several  analyses 
have  been  performed.  These  are  also  described.  Finally, 
suggestions  are  made  for  work  that  should  be  done  with  these  data 
ir.  the  future,  for  both  the  immediate  user  (Air  Fcr^e,  regulatory 
agencies)  and  the  scientific  community. 
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1 1 .  Data  Acquisition,  Processing,  and  Storage: 

DATA  ACQUISITION: 

All  of  the  data  were  gathered  on  Van  den berg  AFB.  Data  were 
obtained  from  12  towers,  ranging  in  height  from  12  ft  to  300  ft. 
In ere  are  sensors  for  wind  speed,  wind  direction,  and 
temperature,  and  at  one  tower  additional  sensors  for  dew  point, 
barometric  pressure,  visibility,  and  short  wave  radiation.  The 
wind,  temperature,  and  dew  point  allow  the  near  surface 
meteorological  conditions,  including  hydrostatic  stability,  to  be 
established.  The  other  sensors  indicate  when  clouds  and  fog  are 
present  and  surface  pressure  can  be  used  to  identify  frontal 
passage . 

Wind  speed  and  direction  were  sampled  every  1  sec,  and  15 
sec  averages  and  standard  deviations  calculated.  Thus,  the 
standard  deviations  contain  frequency  components  to  1  Hz.  All 
other  sensors  were  sampled  every  15  sec,  which  was  adequate  since 
the  responses  of  the  non -wind  sensors  are  not  fast  enough  to 
allow  fluctuations  to  be  determined. 

Van  den  berg  has  a  complete  meteorological  system,  with  all 
data  returned  to  a  central  facility  by  FSK  lines.  All  data  on 
the  lines  is  coded  into  11  bits,  giving  an  ideal  accuracy  of  1 
part  ir.  2047  of  the  full  range  for  that  sensor.  The  NPS  data 
acquisition  system  is  a  passive  listener  to  Var.denberg's;  it 
operates  on  an  interrupt  basis,  stopping  processing  to  input  data 
whenever  Van  dor.  berg  is  ready  on  the  line.  In  this  mode,  it  is 
subject  to  errors  caused  by  timing  Jitter  in  the  Van  den berg 
system  since  Jitter  can  cause  false  interrupts  in  the  NPS  system. 
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DATA  PROCESSING: 

The  wind  data  was  first  processed  into  vector  components, 
with  the  positive  y-axis  north  and  the  positive  x-axis  east. 

Means  and  standard  deviations  of  the  components  were  determined 
for  15  sec  averaging  periods.  Data  from  the  non-wind  sensors 
were  available  every  1  sec  but  not  processed  until  the  end  of 
each  15  sec  period.  Non -wind  data,  and  some  types  of  wind 
averages,  were  processed  into  longer  averages:  5  min,  15  min, 
and  1  hr. 

There  were  data  acquisition  peculiarities,  some  of  which 
were  rather  simple  and  some  which  were  never  understood.  The 
simplest  were  the  acquisition  of  all  zeros  or  all  ones  when  false 
interrupts  were  generated.  Data  with  these  values  were  always 
discarded.  For  some  sensors,  erroneous  changes  in  word  value  of 
a  factor  of  two  would  occasionally  occur.  Such  data  were 
rejected  by  testing  each  input  value  against  the  former  value. 
Finally,  data  that  were  out  of  range  for  what  is  a  reasonable 
meteorological  value  were  rejected. 

One  of  the  tests  made  during  data  acquisition  checked 
whether  the  data  was  within  a  reasonable  range  .  The  limits  for 
these  tests  were: 


sensor 

minimum 

maximum 

wind  speed 

0 

60  k t s 

wind  direction 

0 

360  deg 

temper  Mire 

30 

90  deg 

temp,  cil ference 

-5 

+  5  deg 

dew  point 

1  0 

90  deg 

In  addition  to  the  values  shown  above,  data  word  values  of  0  were 
rejected  since  this  value  can  be  due  to  a  non-valid  interrupt. 
This  gives  a  very  slight  bias  against  north  winds. 
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DATA  STORAGE: 

Data  storage  is  or.  9-track  magnetic  tape.  Details  are  as 
f  ol lows  : 

bits  per  inch  1600 

format  ASCII 

block  size  4026 

record  length  366 

records  per  block  11 

data  format  integer  precision 

In  integer  precision  there  are  2  bytes  per  word  so  the  maximum 
work  values  is  +_  37,768.  Each  record  is  one  time  average  of  all 
applicable  data.  The  original  data  tapes  contain  data  in  time 
sequential  order.  Longer  averages  are  interleaved  with  shorter. 

An  EOF  is  placed  at  the  end  of  each  day  of  data  and  a  double  EOF 
at  the  end  of  the  tape.  After  quality  assurance  processing,  new 
tapes  are  produced.  These  records  are  filed  by  averaging  time 
and  daily  EOFs  are  included  only  in  the  15  sec  records. 

The  data  stored  for  the  15  sec  averaging  time  is  not  the 
same  as  for  the  longer  averages.  The  data  recorded  and  the  word 
positions  within  the  records  are  shown  in  Table  1.  Conversion 
factors  are  applied  to  some  of  the  data.  This  is  done  to 
increase  the  precision  and  to  keep  within  the  maximum  allowed 
word  length,  as  required  by  integer  precision.  Also,  the  data 
stored  were  the  word  values  not  converted  to  their  meteorological 
value.  Thus,  con version 3  must  be  applied  to  the  data  before  use. 

The  data  are  converted  by  the  relation 
data  =  A  +  B*(value), 
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where  "value"  is  the  data  word  form  the  tape.  The  cor. version 
farters,  A  and  5  ,  are  given  in  Table  2  . 


1  5sec 

Average 

Longer 

Averages 

words 

data 

words 

data 

1-30 

x-ave 

1-30 

U 

31  -60 

y  -  a  ve 

31  -60 

WD 

6  1  -90 

s  i  gma- x 

61-90 

s i gma- V 

91-120 

s  i  gma-y 

91-120 

wind  counter 

121-150 

xy 

1 21 -1 54 

sensor 

151-180 

counter 

1 55-180 

sensor  counter 

181 

1  0  0  *  m  i  n  ♦  sec 

1  81 

1 000*mo  +  1 0*dy  +  yr 

1  82 

1  0  0  *  d  a  y  +  hour 

1  82 

1  0  0  *  h  o  +  min 

183 

code  =  1 1 

183 

code  =  55 ,  15,  or  66 

Table  1.  Data  storage  methodology.  x  and  y  are  the  vector 
components  of  the  wind,  U  is  mean  wind  speed,  WD  is  mean  wind 
direction,  and  sigma-V  is  the  cross  wind  standard  deviation.  The 
counters  record  the  total  number  of  data  acquisitions  that  went 
into  that  average  for  each  sensor.  Sensor  refers  to  all  non -wind 
sensors. 
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Type  c  f  d  a  t  a  A  B  Ur,  i  is 

15  Sec  Average 


exponent.  Sigma 

0  .0-42118 

knots 

y 

(.04248  *  value 

knots'^ 

Longer  Averages 

i  r.  d  speed 

0  .  0424  8 

knots 

i  r.  d  direction 

0  .10 

deg 

-mperature 

120  -.05859 

deg  F 

-  m  p .  difference 

-10  .02441 

deg  F 

e w  point 

-80  .097656 

deg  F 

arc.  pressure 

909.2  .07988 

mb 

r.  o  r  t  wave 

0  .0009766 

Langley 

isibility 

49.6l/(value  +  1) 

miles 

able  2.  Factors  needed  to  convert  original  data  tapes  to  their 
meteorological  values.  The  conversion  factors  for  all 
counters  are  1.0. 
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'rECIAL  rRQJECT3 

The  exisuir.Ts  of  ihe  quality  assured  tapes  in  an  easy  to  use 
format  allows  analyses  for  Van  den  berg  to  be  performed  much  easier 
tsar,  has  formerly  been  the  case.  Also,  the  way  in  which  the  data 
was  collected  and  processed  means  that  analyses  that  were  not 
formerly  possible  can  now  be  done.  The  following  special 
projects  have  been  performed  or  are  in  process: 

1.  study  of  mean  winds  for  possible  wind  energy  development 
at  Van  den  berg, 

2.  validation  of  a  3~dimer.  sior.al  mean  flow  model  by  the 
Army  Atmospheric  Science  Lab, 

3.  development  of  a  diffusion  model  by  Aerospace  Corp.  for 
the  Air  Force  Space  Division, 

4 .  preliminary  screening  to  determine  win  d/turbulence 
scenarios  to  assess  Space  Shuttle  exhaust  hazard. 

Tne  data  will  also  be  available  for  validation  of  existing 
models,  such  as  Mathew  and  REEDM. 

It  is  possible  for  the  Puff  model  to  produce  plume  para¬ 
meter  i zat ions  for  use  in  other  simplified  diffusion  models  of  the 
Gaussian  type.  This  could  be  especially  valuable  for  developing 
engineering  calculations  (often  called  screening 

models /calculations)  which  would  assess  the  possible  hazards  from 
rocket  exhaust,  fuel  spills,  etc.  One  value  of  such  calculations 
is  that  they  can  be  used  to  determine  whether  it  is  necessary  to 
develop  an  expensive,  accurate  model.  Use  of  these  calculations 
are  further  described  below.  The  results  of  the  Puff  model 
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I",  order  t  c  run  the  model,  the  wind  and  t  :;rb.,  1  er.  ■'e  fields  for  the 
r  -  g  i  e  r.  of  interest  are  needed.  This  is  or.e  of  the  ultimate 
goals  of  this  work:  to  produce  the  turbulence  data  that  will 
allow  one  to  specify  the  turbulence  at  ea  oh  grid  point  of  the 
p  .  f  f  model  for  a  representation  of  Van  den  berg  A  F  ? . 

Once  the  puff  model  is  parameterized,  it  cat.  be  run  for  a 
wide  variety  of  applications,  including  Space  Shuttle  hazard  and 
toxic  spills.  Note  that  the  model  can  handle  a  wide  variety  of 
pi. me  sizes  as  long  as  the  turbulence  intensity  is  correctly 
input.  Since  different  sizes  of  plumes  r  •  spor.d  differently  to 
the  turbulence  (larger  plumes  grow  while  small  plumes  meander  in 
response  to  large  eddies)  the  turbulence  intensity  used  will 
necessarily  be  dependent  on  size.  This  is  the  reason  we  are 
finding  the  dependence  of  the  turbulence  intensity  on  the 
averaging  time.  Longer  averaging  times  will  include  those 
portions  of  the  spectrum  due  to  larger  eddies. 

Rise  National  Laboratory,  Denmark  has  developed  a  puff  model 
which  can  be  used  for  inhomogeneous  terrain.  Riso  and  NFS  have 
established  a  cooperative  program  and  their  model  will  be 
installed  on  the  NFS  IBM  3033  computer  in  support  of  this  project. 
It  should  be  noted  that  this  model,  in  its  present  configuration, 
cannot  handle  cases  where  a  large  plume  is  split  by  terrain 
features. 
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'low  dc  ihc  synoptic  forcing  ar. d  to  the  local  influences.  The 
combination  of  the  synoptic  and  diurnal  analyses  allows  one  to 
c c v e 1 o p  a  fairly  complete  background  for  the  study  cf  the 
t.rbulence.  Also,  one  would  hope  that  a  reason  able  forecasting 
tool  -could  also  be  developed  on  this  basis. 

The  results  of  the  diurnal  analysis  are  presented  in 
Appendix  C.  The  results  were  obtained  from  the  15  min  averages 
before  application  cf  the  final  quality  assurance  procedures. 

Lack  of  final  quality  assurance  does  not  compromise  these  results 
since  long-time  averages  are  used  and  results  are  included  for 
several  towers. 

The  analysis  is  done  by  finding  the  average  wind  speed,  wind 
direction,  and  wind  direction  standard  deviation  for  6  four-hour 
periods,  starting  at  0000  local  standard  time.  This  was  done  for 
towers  052,  05^,  101,  102,  200,  300,  and  301. 

Examination  of  the  data  clearly  shows  the  sea-breeze  cycle 
and  indicates  how  prevalent  it  is.  These  results,  coupled  with 
the  synoptic  analysis,  show  those  conditions  for  which  the 
synoptic  forcing  is  dominant  and  those  for  which  local  influence 
is  the  major  factor.  This  will  be  important  for  predicting 
periods  of  onshore  and  offshore  flow,  which  can  have  a 
significant  impact  on  the  Space  Shuttle  launch  program. 

PUFF  MODEL 

The  puff  model  is  a  technique  used  to  predict  the  behavior 
cf  both  burst  releases  and  plumes.  It  is  essentially  a 
bookkeeping  scheme  where  a  puff  is  followed  through  a  grid  as  it 
advects  and  grows  in  response  to  the  local  wind  and  turbulence. 

1  9 
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Since  there  are  30  wind  sensor  locations,  the  total  number 
cf  possible  combinations  of  these  bins  is  89,100.  This  is  a 
rather  excessive  amount  of  data  to  try  to  struggle  through. 

For  this  reason  we  used  a  reduced  set  of  bins  for  the  other 
parameters  when  the  dependence  on  one  of  them  is  being  analysed. 
For  example,  one  could  restrict  the  wind  direction  catagories 
considered  to  onshore  and  offshore  when  the  dependence  on  wind 
speed  is  being  developed.  The  restricted  bins  are: 

WIND  SPEED-  0-9,  9-8,  8  and  above  m/s, 

WIND  DIRECTION-  onshore  and  offshore, 

AVERAGING  TIME-  15  sec,  5  min,  and  1  hr. 

The  above  binning  methodology  is  being  used  in  the  thesis 
work  of  US  Air  Force  Cpt.  Mike  Buell  on  a  limited  set  of  the  data 
a r. d  is  found  to  work  well. 

SYNOPTIC  CONDITIONS 

An  important  part  of  any  meteorological  study  is  to 
determine  the  synoptic  conditions.  This  establishes  the  "driving 
forces"  within  which  the  local  influences  are  embedded.  For  this 
study,  we  are  interested  in  the  pressure  gradient  in  the  Central 
California  coastal  region  and  the  expected  resulting  flow.  These 
conditions  have  been  determined  for  the  year  of  data  collection 
at  Van  den  berg  and  are  presented  in  Appendix  B. 

DIURNAL  WIND 

The  synoptic  analysis  indicates  when  one  would  expect 
various  wind  conditions,  e.g.  sea-breeze  cycle,  Santa  Ana,  etc. 

Ar.  analysis  of  the  diurnal  wind  cycle  shows  the  response  of  the 
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location, 

height, 

synoptic  conditions, 
time  of  day, 
wind  speed, 
wind  direction, 
stability, 
averaging  time. 

Tr. ese  conditions  are  not  completely  independent,  e.g.  the  time  of 
day  influences  the  wind  speed  and  direction  because  of  the 
diurnal  sea-breeze  cycle.  However,  they  make  up  a  logical  set  of 
parameters  that  should  f  a  ~  r  1  y  completely  establish  conditions  for 
the  analyses. 

We  have  developed  a  methodology  for  examining  the  way  in 

wr.  ich  the  turbulence  depends  on  these  parameters  that  uses  a 

limited  set  of  bins  per  parameter.  There  are  no  bins  for 

location,  height,  and  time  of  day  since  the  analysis  is  done  for 

each  sensor  so  location  and  height  are  automatically  sorted  and 

the  time  dependence  comes  out  naturally  as  the  analysis  proceeds. 

Tre  bins  used  for  the  other  parameters  are: 

WIND  SPEED-10  bins,  2  m/s  wide,  starting  at  0  m/s,  with  the 
10th  bin  containing  all  speeds  greater  than  18  m/s, 

WIND  DIRECTION-9  bins,  40  deg  wide,  starting  at  0  deg, 

STABILITY-3  bins:  unstable,  neutral,  and  stable,  with  the 
limits  on  neutral  being  gradient  Richardson  numbers  of 
+0.0263  and  -0.101, 


’.WT'.'C 

r  f  -jsr 


AVERAGING  TIMES-11  values:  15  sec,  30  sec,  1  min,  2  min,  5 
min,  10  min,  15  min,  30  min,  1  hr,  2  hr,  and  4  hr. 
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I V .  DATA  ANALYSES 

The  purpose  of  Phis  project  was  to  gather  the  data  needed  to 
characterize  the  mean  flow  and  turbulence  in  complex  terrain  for 
use  in  diffusion  modeling.  However,  any  acquisition  project  must 
be  accompanied  by  analyses,  if  only  to  insure  that  the 
acquisition  is  proceeding  correctly.  The  analyses  to  date  have 
focused  on  establishing  the  quality  assurance  procedures  and 
doing  some  preliminary  turbulence  characterization.  We  have  also 
developed  both  local  and  synoptic  climatologies  for  the  year  and 
carried  out  several  special  projects  with  the  data. 

This  section  will  describe  the  analyses  that  are  completed, 
underway,  and  planned.  It  will  be  noted  that  the  planned 
analyses  deal  with  site-specific  and  generic  diffusion  modeling 
and  with  characterizing  the  important  physical  processes.  The 
analyses  that  were  done  to  develop  quality  assurance  proceedures, 
including  turbulence  analysis  to  establish  the  rate-of-change 
thresholds,  will  not  be  described. 

TURBULENCE  ANALYSIS 

Characterizing  the  turbulence  is  the  key  to  this  project. 

The  goal  is  to  establish  a  parameterization  that  will  describe 
the  wind  field  variations  that  cause  plume  or  burst  release 
growth  in  both  the  horizontal  and  the  vertical.  This  is  to  be 
done  for  all  locations  within  the  terrain  and  for  all 
meteorological  conditions.  In  order  to  accomplish  this  rather 
large  task,  one  first  identifies  those  local  parameters  which  are 


expected  to  control  the  turbulence.  They  are: 
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5.  Rate-of-char.ge  failure  criteria  for  wind  speed  and 
wind  direction  for  the  various  averaging  periods. 
The  number  listed  is  the  maximum  allowable  change 
from  one  averaging  period  to  the  next. 
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The  rate-of-char.ge  thresholds  were  selected  after  extensive 
exi’ir.aticr.  of  the  data.  Initially,  we  assumed  that  the 
thresholds  should  be  set  so  that  1  J  of  the  data  would  be  rejected. 
Note  that  any  rejection  criterion  of  this  type  is  somewhat 
ar: itrary  when  one  is  dealing  with  a  fluctuating  parameter. 
Analysis  showed  that  reasonable  rejection  thresholds  reject  much 
less  than  1  J  of  the  data. 

As  implied  above,  there  is  a  danger  in  using  a  rate  of 
or. a r. g e  test  on  data  where  the  goal  is  to  obtain  turbulence 
statistics.  The  data  rejected  may  be  from  either  instrument 
malfunction  or  from  a  low  probability  turbulence  event.  However, 
the  rejection  of  the  low  probability  events  is  not  serious. 
Diffusion  modeling  deals  with  average  behavior,  and  there  is  not 
much  that  can  be  done  with  unusual  events  if  the  probability  of 
cccurance  is  too  low.  Modeling  is  done  using  a  turbulence 
distribution  function  that  is  mathematically  reasonably  easy  to 
use.  The  rejection  scheme  we  use  will  not  compromise  the  utility 
of  the  data,  and  should  significantly  improve  it  if  non-real  data 
is  rejected. 

After  application  of  all  of  the  quality  assurance  tests,  the 
final  archived  tapes  were  produced,  with  the  format  described  in 
the  previous  section. 
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CONSTANT  AND  R A T E - 0 F - CH A N GE  TESTS 

The  final  quality  assurance  procedure  is  performed  on  the 
averages  which  are  on  the  original  9- track  tapes.  These  tests 
were  performed  on  averaged  data  rather  than  on  the  original  data 
prints.  Basically,  the  tests  determine  whether  or  not  the 
averages  are  behaving  in  a  "sensible"  manner.  "Sensible"  means 
the  averages  show  changes  from  one  time  period  to  the  next  that 
are  within  reasonable  meteorological  ranges.  These  tests  check 
for  : 

a.  sensor  value  remains  constant, 

b.  rate-of-char.ge  too  large. 

If  the  value  reported  for  a  sensor  remains  constant  for  too  long 
or  if  the  change  from  one  averaging  period  to  the  next  is  too 
large,  a  malfunction  has  occared. 

For  the  constant  test,  if  the  value  remains  constant  for  ohe 
number  of  averages  indicated  below,  the  sensor  has  failed  the 
constant  test  and  all  of  those  values  are  rejected. 

Averaging  Time  Constant  Test  Failure  No. 

1 5  sec  5 

5  m  i  r.  5 

15  min  3 

1  hr  3 

The  thresholds  for  failing  the  rate-of-char.ge  tests  are 
shown  in  Table  5.  The  reasoning  behind  these  tests  is  best 
explained  as  follows:  If  the  wind  speed  changes  by  20  kts  in  15 
sec  something  has  gone  wrong.  If  the  wind  direction  changes  by 
90  deg  in  15  sec,  the  change  is  unreasonable  if  the  wind  speed  is 
20  kts  but  reasonable  if  the  speed  is  2  kts.  Also,  larger 
changes  can  be  expected  for  longer  averaging  times. 
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15  MINUTE  AVERAGE  COMPARISON 

When  comparing  the  NFS  and  Van  den  berg  15  min  averages,  we 
usually  assume  that  any  difference  is  due  to  errors  in  the  NPS 
acquisition.  This  is  because  the  NPS  system  is  subject  to  timing 
jitter  errors  that  do  not  affect  the  Van  den  berg  system  since  it 
is  the  controller.  There  are  instances  when  the  Van den  berg  data 
is  obviously  in  error,  but  in  most  instances  we  reject  the  NPS 
data  when  differences  occur.  The  two  systems  average  and  record 
data  differently,  so  small  differences  can  be  expected  to  occur. 
The  threshold  values  for  deciding  that  a  difference  is  due  to 
system  error  are: 

wind  speed  1  kt 

wind  direction  5  deg 

temperature  1  deg  F 

temp,  difference  .5  deg  F 
dew  point  1  deg  F 

This  check  is  not  made  for  the  other  sensors.  If  it  is  found 

that  a  sensor  shows  differences  above  the  threshold  more  than 
cr. e-half  the  time  for  a  giver,  day,  all  recorded  values  for  that 
sensor  Tor  that  day  are  rejected. 

Those  sensors  for  which  the  data  were  rejected  for  a  given 
day  due  to  either  15  min  average  differences  or  Van den  berg 
malfunction  are  shown  in  Appendix  A. 
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III.  QUALITY  ASSURANCE  METHODOLOGY 

As  was  described  in  the  previous  section,  there  are  many 
sources  of  error  due  to  the  manner  the  NPS  data  acquisition 
system  obtains  the  data,  as  well  as  to  Van  den  berg  system  errors. 

Thus,  an  extensive  quality  assurance  program  has  been  undertaken 
oc  remove  all  suspect  data.  For  all  of  the  quality  assurance 
tests,  rejection  of  data  is  done  by  replacing  the  data  with  -32768 
or.  the  final  archive  tapes. 

The  quality  assurance  is  of  the  type  that  some  good  data  may 
be  removed  as  the  various  tests  are  made.  There  is  such  a  large 
quantity  of  data  available  that  this  will  not  reduce  the  value  of 
the  data  set.  There  is  a  much  greater  danger  that  invalid  data 
could  contaminate  the  set.  Four  steps  were  taken: 

1.  tests  made  during  data  acquisition  that  were  described  in 
the  previous  section, 

2.  comparison  of  NPS  and  Vander.berg  15  min  averages, 

3.  use  of  Vander.berg  maintenance  records  to  determine  times 
of  system  malfunction, 

examination  of  the  stored  averages  to  determine  if  they 
are  reasonable. 

The  ways  in  which  these  tests  were  performed  are  explained  below. 
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Examination  of  Table  1  shows  that  the  wind  data  is  recorded 
ir.  groups  of  30  and  that  there  are  3  4  othe  sensors.  All  data 
were  recorded  in  the  sequential  orders  shown  in  Table  4.  A 
w;r. d-sensor  refers  to  a  wind  speed-wind  direction  sensor  pair 
that  was  used  to  obtain  the  vector  components. 

The  height  and  strength  of  the  inversion  are  important 
meteorological  parameters.  They  are  needed  if  one  is  to 
completely  specify  conditions.  Daily  radiosondes  are  launched  at 
Van  den  berg  and  the  meteorology  detachment  has  made  the  results 
available  to  NPS.  We  digitize  each  radiosonde  and  fit  the  data 
with  a  one-dimensional  inversion  model.  An  example  of  the 
radiosonde  data  and  the  model  fit  (dashed  line)  are  shown  in 
Figure  1.  All  radiosonde  data  points  and  the  model  fit  are 
available  on  magnetic  tape. 

Acoustic  sounder  data  is  also  available.  NPS  has  obtained 
tnese  data  but  has  done  nothing  with  them.  When  time  is 
available,  boundary  layer  winds  will  be  derived  from  these  data 
ar.d  added  to  the  archive. 
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'.e  qualify  assured,  archived  tapes  have  already  had  the 
?ve  conversions  applied  and  are  in  meteorological  units. 

use  the  tapes  are  in  integer  precision  format,  the  decimal 
ir.ts  were  shifted  for  some  of  these  data  to  increase  the 
roision.  The  conversions  used  are  given  in  Table  3.  The 
’iprocal  of  these  conversions  must  be  applied  before  the 
:hive  tape  data  is  used.  Note  that  the  sum  of  the  cross 
’.duct ,  xy,  is  so  large  that  the  square  root  had  to  be  taken  to 
5  p  integer  precision  overflow  from  occuring.  The  sign  of  the 
:ss  product  was  preserved. 


15sec  Average  Longer  Average 
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data 
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SQR 

other  sensors 

*1  0 

)  1 e  3.  Conversions  used  when  producing  the  archive  tapes. 
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rail u la tic ns  could  be  in  the  Term  of  leek- up  tables,  nomograms, 
minicomputer  programs,  etc.  The  format  can  be  tailored  to  the 
special  needs  of  the  application,  with  emphasis  on  ease  of  use. 

Another  example  of  a  useful  and  straight  fereward  project 
that  could  be  carried  out  is  GUST  STATISTICS.  Wind  loading  on 
structures  depends  on  the  highest  velocity  experienced,  averaged 
over  some  appropriate  short  time.  Such  statistics  are  easy  to 
develop  with  the  data  available  from  this  project  because  of  the 
short  averaging  times  used. 

DIRECT  APPLICATIONS 

There  is  a  great  deal  that  can  be  done  with  the  Van  den  berg 
data  set  to  assess  exhaust  and  spill  hazards  without  going  to  the 
effort  of  full  model  development.  Note  that  this  is  not  a 
substitute  for  model  development.  Rather,  it  is  a  needed  prelim¬ 
inary  step  that  can  also  produce  useful  results.  The  following 
lists  analyses  that  can,  and  should,  be  undertaken  now  with  these 
data;  Preliminary  steps  have  been  undertaken  for  some. 

1.  Threat  Scenarios:  We  refer  here  to  the  hazard  from  the 
Space  Shuttle  exhaust,  but  the  work  would  have  wider  application. 
The  threat  to  structures  from  the  exhaust  cloud  depends  on  the 
direction  the  cloud  moves  an d  on  the  spread  of  the  cloud. 
Scenarios  can  identify  those  conditions  which  can  lead  to 
dangerous  cloud  trajectories.  For  example,  the  predominant  wind 
at  the  Shuttle  site  is  from  the  north,  which  represents  no  hazard 
to  launch  sites  to  the  north.  One  of  the  scenarios  of  interest 
is  those  conditions  which  can  lead  to  a  south  wind. 
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Souih  winds  will  occur  during  certain  storm  conditions  and 
are  likely  to  occur  during  the  daily  transition  periods  in  the 
iar. d/sea-breeze  cycle.  It  is  possible  to  predict  the  time  of  day 
and  duration  of  the  transition  periods  from  weather  maps,  the 
current  situation,  and  a  local  diurnal  cycle  climatology.  Such  a 
predictive  capability  could  be  developed  from  these  data  and 
would  be  a  valuable  operational  tool  in  predicting  go/no-go  time 
windows. 

There  are  other  scenarios  which  are  less  obvious.  For 
example,  off  shore  flow  which  will  return  to  shore  at  some  later 
time,  stagnation  which  will  result  in  a  long  term  hazard  at  the 
launch  site,  etc.  Such  scenarios  occur  in  a  complex  region  such 
as  Van  den  berg,  and  are  not  rare. 

One  of  the  goals  of  a  scenario  study  would  be  to  determine 
r.ct  just  the  conditions  that  can  lead  to  hazardous  situations, 
but  the  probability  of  their  occurance.  The  probabilities  would 
r.ct  be  simple  climatologies  over  long  time  periods.  They  would 
give  the  probability  that,  given  the  current  meteorological 
conditions,  various  scenarios  would  occur.  Of  course,  the 
standard  type  of  climatology  would  also  be  developed  to  give  an 
overview  of  the  seriousness  of  the  various  threats. 

2.  Screening  Calculations:  One  of  the  most  useful  types  of 

calculation  that  can  be  made  for  any  problem  is  the  back-of-the- 

envelope  estimate.  This  calculation  requires  only  basic 

knowledge  of  the  physics  of  the  problem  and  makes  use  of  what 

information  is  available,  which  may  be  incomplete.  For  our  case, 

it  is  possible  to  make  an  estimate  of  the  exhaust  cloud  impact  on 

Lompoc  or  on  another  Vandenberg  site  using  a  simple  Gaussian 
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model  and  estimates  of  the  cloud  proper'  ies.  If  the  calculation 
shows  that  the  concentration  of  H Cl  will  be  100  times  the  allow¬ 
able  limit,  serious  measures  will  be  needed.  If  it  is  shown  that 
it  will  be  100  times  less,  one  can  proceed  with  little  worry. 
Preliminary  calculations  that  we  have  made  show  that  the  threat 
is  on  the  edge  of  acceptable  standards,  which  means  that  more 
accurate  calculations  are  needed. 

The  beauty  of  the  screening  calculation  is  that  it  can  be 
updated,  with  minimal  effort,  as  new  information  is  obtained. 
Also,  the  calculations  can  be  used  for  a  sensitivity  analysis  to 
identify  those  parameters  for  which  a  better  specification  is 
needed  . 

3.  Vandenberg  Boundary  Conditions:  The  development  of  any 
model  requires  an  accurate  set  or  boundary  conditions.  For 
Vandenberg,  the  conditions  are: 

a.  height  and  strength  of  the  inversion, 

b.  synoptic  conditions, 

c.  geostrophic  flow, 

d.  offshore  conditions, 

e.  solar  insolation. 

The  mean  and  turbulence  data  from  the  wind  towers  should  be 
correlated  with  these  conditions.  This  should  be  done  in  such  a 
way  as  to  emphasize  the  tools  that  will  be  available  operation¬ 
ally. 

The  characteristics  of  the  inversion  will  be  especially 
important  since  it  can  act  as  a  lid,  supressir.g  vertical  mixing 
and  greatly  increasing  concentrations  in  the  boundary  layer. 
Unfortunately,  only  a  single  radiosonde  location  is  available  and 
the  inversion  characteristics  can  be  considerably  modified  by  the 
terrain. 
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it.  On-Shore  and  Off-Shore  Flow:  This  would  be  a 
statistical  study  of  the  times  of  onset,  duration,  and  wind 
characteristics.  The  relations  to  synoptic  conditions,  season, 
a r. d  stratus  formation  would  be  established. 

5.  Sea-Breeze  Circulation:  The  local  terrain,  coastal  fog, 
ar.d  inland  valley  modify  the  char  act  er  i  s  t  i  cs  of  the  sea-breeze. 

The  depth  of  the  penetration  and  the  height  of  the  return  flow 

are  important  to  diffusion.  Analysis  of  the  wind  tower  data,  I 

coupled  with  sodar  data,  can  determine  these  characteristics. 

MODELING  VANDENBERG  METEOROLOGY 

Van den  berg  AFB  occupies  one  of  the  most  meteorologically  I 

complex  areas  in  the  country.  It  is  a  coastal  region  with 
severely  complex  terrain  and  a  prevela r.t  low,  strong  inversion. 

The  success  of  any  modeling  effort  for  this  area  will  rely  I 

heavily  on  a  good  understanding  of  the  underlying  physical 

processes.  We  won't  belabor  this  point  here  nor  try  to  detail 

the  complex  interactions  that  occur  at  the  base.  Rather,  we  I 

briefly  list  some  projects  that  should  be  carried  out  in  order  to 

fully  exploit  the  data  base  that  has  been  developed. 

1.  Turbulence  Scaling:  The  dependence  of  turbulence  on  I 

mean  conditions  is  fairly  well  understood  for  flat,  homogeneous 
terrain.  The  dependence  in  complex  terrain  is  little  understood 
and  is  extremely  difficult  to  handle  theoretically.  Comparison  I 

of  the  dependences  for  flat  and  complex  terrain  may  allow  a 
simple  regression  relation  between  them  to  be  developed. 

I 
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2  .  2  -  D  Land /  Sea-Breeze  Model:  Ar.  existing  2-D,  finite- 

element  model  would  be  adapted  to  Van  den  berg  by  incorporating 
averaged  terrain  for  predominant  flow  directions.  The  model 
would  be  initialized  with  data  from  radiosonde,  sodar,  towers, 
and  nearby  National  Weather  Service  reporting  stations.  A 
capability  would  be  developed  to  use,  say,  12Z  data  to  predict 
the  evolution  of  winds,  temperature,  and  turbulence  character¬ 
istics  to  a  height  of  1500  m  through  the  day  and  into  the  evening 
hours  over  the  Van den  berg  terrain.  Of  particular  interest  is  the 
transformation  of  the  marine  boundary  layer  depth  as  it 
encounters  the  heated  and  irregular  terrain. 

3.  Rocket  Exhaust  Model:  An  existing  2-D,  f i n i t e- e 1 ement , 
advect  ior.-di  f  fusion  (AD)  model  would  be  used  to  approximate  the 
3~D  cloud  produced  by  the  rocket  exhaust.  Boundary  layer  winds 
and  d i f f us i v i t i es  produced  by  the  PBL  model  (project  2)  would  be 
used  as  an  input  to  the  AD  model.  The  model  would  require  an 
accurate  specification  of  the  characteristics  of  the  source 
cloud,  size,  height,  composition,  etc. 

4.  Mesoscale  Model:  Exhaust  clouds  can  produce  hazards 
both  on  and  off  base  at  Van  den  berg.  The  current  data  set  will 
allow  specification  of  the  on-base  hazard.  Modeling  for  the  base 
will  produce  cloud  characteristics  that  car,  be  used  as  the  source 
for  longer  range  transport  (Lompoc).  A  mesoscale  model  which 
averages  Var.denberg  terrain  and  uses  it  to  modify  a  larger  flow 
field  will  be  developed.  (NPS  has  plans  to  support  a  post¬ 
doctoral  fellow  for  this  work.) 
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V.  FUTURE  MEASUREMENTS 
VERTICAL  WIND 

NPS  has  installed  bi-vane  anemometers  on  several  of  the 
Van  den  berg  towers  to  obtain  vertical  wind  fluctuation  data.  The 
towers  are  052,  101,  102,  and  301.  Sensors  are  at  54  ft  and,  on 

towers  101  and  301,  also  at  100  ft.  The  locations  were  chosen  so 
that  varied  types  of  terrain  would  be  sampled.  102  is  on  fairly 
flat  terrain  near  the  shore  and  052  is  on  the  same  type  of 
terrain  but  further  inland.  These  two  locations  allow  one  to 
examine  the  development  of  the  turbulence  as  the  air  flows 
onshore.  301  is  also  located  near  the  shore  but  behind  the  high 
South  Vandenberg  shoreline  bluff.  Comparison  of  102  and  301  will 
show  how  the  difference  in  the  shoreline  affects  the  flow  and 
turbulence. 

The  height  dependence  of  the  vertical  wind  is  of  particular 
interest.  Comparison  of  the  results  from  101  and  301  will  give 
some  information  on  the  affect  of  complex  terrain  on  vertical 
scaling.  Having  sensors  at  only  two  elevations  is  not  enough  for 
a  height  dependence  study.  Thus,  once  the  initial  vertical  wind 
study  is  completed,  all  of  the  sensors  will  be  moved  to  301  in 
order  to  set  up  a  vertical  array. 

FLARE  STACK  EDDIES 

Hydrogen  flare  stacks  are  part  of  the  Space  Shuttle  launch 
site.  They  are  in  the  immediate  vicinity  of  the  site  in  an  area 
significantly  affected  by  immediately  adjacent  slopes  and  valleys. 
Bi-vane  arrays  are  being  placed  at  this  location  in  order  to 
determine  the  structure  of  the  turbulent  eddies  that  are  present. 
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Or. e  array  is  made  up  cf  two  ser.scrs,  ore  at.  50  ft  and  the  ether 
at  90  ft.  These  will  be  used  to  determine  elevation  dependence 
cf  the  spectra.  The  other  array  contains  3  sensors  at  50  ft  in  a 
triangular  array,  with  one  leg  of  the  array  aligned  along  the 
predominant  wind  direction.  This  array  will  be  used  to  determine 
spectra,  coherence,  and  correlations. 

At  the  end  of  a  three  month  data  acquisition  period  the 
triangular  array  will  be  moved  to  the  052  s  i  „  e  .  052  and  flare 

stack  data  will  allow  comparison  to  be  made  between  flat  and 
complex  terrain  results. 

For  the  purely  spectral  studies,  a  1  sec  sampling  rate  is 
used.  A  2  sec  sampling  rate  is  used  for  the  correlation  studies 
since  all  of  the  data  is  stored  for  all  sensors  and  there  is  a 
storage  problem.  Analysis  of  the  initial  spectral  data  has  shown 
that  the  2  sec  sampling  rate  is  sufficient  for  this  study. 

FLOW  MODEL  VALIDATION 

Development  of  a  validated  flow  model  for  Van den  berg  will 
have  to  be  a  major  goal  of  any  diffusion  project.  The  data  that 
is  now  available  can  be  the  basis  for  the  development  of  such  a 
model.  However,  the  data  from  the  existing  tower  locations  is 
r.ct  spatially  dense  enough  to  completely  specify  the  flow  in  the 
complex  terrain.  When  the  flow  model  that  is  developed  with  this 
data  is  initially  run,  locations  within  the  terrain  where  more 
knowledge  of  the  flow  is  needed  will  be  identified.  Once  this  is 
done,  measurements  should  be  made  at  those  locations. 

This  could  be  easily  accomplished  by  using  the  bi-vanes  from 
the  flare  stack  project.  Two  of  the  systems  for  that  project  are 
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Appendix  A:  Ser.sor  Dummying 

The  following  fables  show  the  days  for  whioh  the 
various  sensors  were  dummied.  An  X  indicates  the 
day's  data  was  rejected  due  to  failing  the  15  min. 
average  tests.  The  lines  and  notes  indicate 
dummying  due  to  Var.denberg  malfunction. 
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29  --  -  (H:  over  Idaho;  L:  over  Gulf  of  CA) 


('.01/ 

30 

— 

(front 

in  N. 

t  A  ;  L  • 

over  Gulf  of 

C  A ) 

(  .01  ) 

31 

— 

(front 

in  N. 

CA  ;  L  : 

over  Gulf  of 

CA) 

November 

1 

— 

(front 

in  N . 

CA  ;  L  : 

over  Gulf  of 

CA) 

(  .  61  / 

2 

NNE 

WK 

(front 

thru 

Nevada; 

H:  off  central  CA 

coast) 

3 

E 

MDT 

( H :  over  NE 

Utah ;  L 

:  over  Gulf  of  CA) 

4 

-- 

— 

(front 

into 

N  .  CA  ; 

L:  over  Gulf 

of  CA) 

5 

— 

(front 

in  Nevada ;  H 

:  over  Arizona) 

6 

— 

(front 

into 

N.  CA) 

F 

7 

NNE 

STR 

(front 

thru 

VBG) 
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R(  T/ 

1  5 

-- 

— 

(Trcf  thru  N-S  CA) 

R 

(  T  / 

1  6 

-- 

— 

(Trof  thru  N-S  CA) 

1  7 

-- 

— 

( Trof  thru  N-5  CA) 

1  8 

— 

(L: 

over  N.  CA  and 

Gulf  of  CA) 

R 

(  T) 

1  9 

-- 

— 

(  L: 

over  SW  Idaho  and  Gulf  of  CA) 

R 

(  T) 

20 

NW 

WK 

(front  thru  Nevada; 

L:  over  S.  CA;  H: 

off 

1  N  W  U.S.) 

21 

NW 

WK 

(  H  : 

off  N W  U . S . ;  L : 

over  3.  Nevada) 

22 

NNW 

MDT 

(H: 

off  NW  U.S.  &  over  Idaho;  L:  over 

Gulf  of  CA) 

23 

NNW 

MDT 

(H  : 

off  NW  U.S.  &  over  Idaho;  L:  over 

Gulf  Of  CA) 

24 

NW 

MDT 

(H: 

off  Oregon;  L: 

over  S.  Nevada  &  N. 

Gulf  Of  CA) 

25 

NW 

MDT 

(H  : 

off  central  CA; 

trofing  thru  E.  CA) 

26 

NNW 

STR 

(front  thru  central 

CA;  H:  off  central 

CA  ; 

L:  ever  Gulf  of  CA) 

27 

N 

MDT 

(L: 

over  N.  Gulf  of 

C  A ) 

28 

N 

MDT 

(H: 

off  central  CA 

coast ;  L ;  over  Gulf 

of 

C  A ) 

29 

NW 

WK 

(  H  : 

off  S .  CA  coast 

;  L:  in  S.  CA  &  off 

NW 

U.S.  ) 

30 

-- 

— 

(H: 

off  S.  CA  coast 

&  over  Colorado; 

L  : 

off  NW  U.S.) 

<  • 

02/ 

31 

-- 

— 

(  L: 

off  NW  CA  &  over  Gulf  of  CA) 

s 

fcptember 

R( 

.02/ 

1 

N 

MDT 

(H: 

off  central  CA; 

L:  over  SW  Ariz.) 

2 

N 

MDT 

(H: 

over  Oregon;  L: 

over  N.  Gulf  of  CA) 

3 

NNW 

STR 

(H: 

off  NW  U. S. ;  L: 

ever  Gulf  of  CA) 

4 

NW 

STR 

(H: 

off  NW  U. S. ;  L : 

over  Gulf  of  CA) 

R 

(  T/ 

5 

NW 

MDT 

(H: 

off  NW  U . S. ;  L : 

over  N.  &  S.  CA) 

6 

NW 

WK 

(H: 

off  NW  U.S. ;  L: 

over  N.  &  S.  CA) 

7 

NW 

STR 

(front  in  N.  CA;  H: 

off  NW  U.S.  &  S. CA) 

8 

NW 

STR 

(front  in  N.  CA;  H: 

off  NW  U.S.  &  S.CA) 

9 

NNE 

STR 

(front  thru  central 

CA ;  H :  off  NW  U . S. ; 

L  : 

over 

Gulf  of 

CA) 

1  0 

NNE 

STR 

(H: 

over 

Montana 

;  L:  over  NW  Mexi 

CO  ) 

1  1 

NNW 

STR 

(H: 

off 

Oregon  coast;  L: 

over  N . 

Gul 

of 

CA  ) 

1  2 

NW 

WK 

(L: 

over 

central 

CA  &  N. 

Gulf  of 

C  A ) 

1  3 

-- 

— 

(  L: 

over 

central 

CA  &  N. 

Gulf  of 

C  A  ) 

1  4 

NW 

WK 

(  L  : 

over 

central 

CA  ;  H  : 

off  NW  U. 

S.  ) 

1  5 

NW 

WK 

(  L; 

over 

central 

CA  ;  H  : 

Off  NW  U. 

s. ) 

1  6 

NW 

WK 

(H: 

off 

NW  U . S. ; 

L:  over 

S.  CA) 

1  7 

NW 

WK 

(H: 

off 

NW  U. S. ; 

L:  over 

S.  CA) 

1  8 

NNW 

MDT 

(H: 

off 

central 

CA  coast 

;  L:  over 

S. 

1  9 
20 

R( T)  21 
K ( . 01 )  22 

R(T)  23 
24 


WK 


WK 


CA) 

(front  in  central  CA;  T.S.  off  Baha;  H: 
over  Arizona) 

(T.S.  L:  off  SW  CA;  H:  over  SW  Montana) 
(L:  off  Oregon  coast;  stationary  front 
in  Nevada ) 

(L:  over  Gulf  of  CA ;  H:  over  NW  Montana) 
(L:  over  Gulf  of  CA ;  H:  over  NW  U.S.) 

(H:  off  NW  U.S.;  L:  over  S.  Nevada) 
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Apr:  5  fronts  (.39";;  flow  direction  NW-NE;  PG  strength  MDT  (STR 

behind  fronts) 

May:  5  fronts  (T);  flow  direction  NW-NE;  PG  strength  MDT  (STR 

behind  fronts) 

Jun:  1  front  (T);  flew  direction  N-NW;  PG  strength  MDT-STR; 

strong  PG  (NW)  Jun  1-21 

Jul:  No  fronts  (-);  flow  direction  N-NW;  PG  strength  variable; 

No  significant  PG  Jul  15-19 


Annual:  38  fronts  (5.88") 

Basic  PG  flow: 

Jun  -  Mid  Oct : 

N-NW 

Mid  Oct  -  Early 
Nov:  SW-NW 

Nov: 

NE-SE 

Dec  -  Mid  Mar : 

VRB 

Mid  Mar  -  May: 

NW-NE 

Weakest  PGs : 
15-19 

Aug  15-19,  Sep  30 

-  Oct 

10,  Jan  14-20,  Jul 

Strongest  PGs: 

Mar,  Apr,  May, 

Jun  1  - 

21 

Most  Frontal  P 

assages:  Nov-Dec 

Heaviest  Rainfall:  Dec 

DATE 

FLOW 

GRADIENT 

STRENGTH 

SYNOPTIC  FEATURES 

August 

01 

NW 

MDT 

(L:  over  N  &  S  CA;  H:  over  Utah  &  off 
CA  coast) 

2 

-- 

— 

(H:  over  UT;  front  approach  NW  U.S.) 

3 

NW 

WK 

(front  dissipating;  H:  over  Utah  &  off 
N  W  coast) 

4 

N 

MDT 

(H:  off  N.  CA;  L:  over  Gulf  of  CA) 

5 

N 

MDT 

(H:  off  N.  CA  &  over  Utah;  L:  over 

Gulf  of  CA) 

6 

N 

WK 

(H:  off  NW  coast;  L:  over  S.  CA) 

7 

NW 

WK 

(L:  over  N.  Gulf  of  CA) 

8 

NW 

MDT 

(H:  off  N.  CA  coast;  L:  over  central 

CA  &  NW  Mexico) 

9 

N 

MDT 

(H:  off  N.  CA  coast;  L:  over  central 

CA  &  NW  Mexico) 

1  0 

NW 

MDT 

(Trof  thru  central  CA;  H:  off  NW  U.S.) 

1  1 

— 

(H:  off  NW  U.S.  Jt  over  Nevada) 

1  2 

NW 

MDT 

(H:  off  NW  U.S.  &  over  N.  Arizona) 

1  3 

N 

WK 

(H:  off  NW  U.S.  &  over  Montana;  L: 
over  Gulf  of  CA) 

1  4 

NW 

MDT 

(H:  off  NW  U.S.  &  over  N.  Nevada;  L: 
over  Gulf  of  CA) 
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Appendix  B:  Syr. opio  Analyses 

Investigation  of  surface  pressure  gradient 
influences  in  the  Van  den  berg  AFV  area  from  1  August 
'83  -  2  2  July  '8*4  based  on  information  obtained  from 
'Daily  Weather  Maps  -  Weekly  Series'  distributed  by 
The  U.S.  Department  of  Commerce  (NOAA). 


Definition  of  Symbols: 

VBG  Var.  den  berg  AFB 

PG  pressure  gradient 

VRB  variable 

WK  weak 

MDT  moderate 

STR  strong 

-  insignificant 

L  Low  pressure  location 

H  High  pressure  location 

F  indicates  frontal  passage  through  Van  den  berg  area 

R  indicates  rain  showers  in  Van  den  berg  area 

R (  )  symbol  in  parenthesis  indicates  precipitation  amount 

( T  =  trace  ) 

SUMMARY 

Aug:  No  fronts  (.02");  flow  direction  N - N  W ;  PG  strength  WK-MDT ; 

no  significant  PG  Aug  15-19 

Sep:  No  fronts  (.03";;  flow  direction  N-NW;  PG  strength  WK-MDT 

Oct:  1  front  (.2V;;  flow  direction  N-NW  (till  Oct  19)  &  NE-SE 

(till  Nov  3);  PG  strength  WK-MDT  (STR  behind  fronts);  No 
s  vnificant  PG  Sep  30  -  Oct  10;  possible  Santa  Ana's  Oct 
2  -27 

Nov:  7  fronts  (2.15");  flow  direction  NE-SE  (till  Nov  3)  &  SW 

with  post-frontal  NW  (after  Nov  3);  PG  strength  WK-MDT 
(STR  behind  fronts) 

Dec:  6  fronts  (2.83");  flow  direction  variable;  PG  strength 

WK-MDT  (STR  behind  fronts) 

Jan:  2  fronts  (.03");  flow  direction  variable;  PG  strength 

WK-MDT  (STR  behind  fronts);  No  significant  PG  Jan  14-20; 
possible  Santa  Ana's  Jan  1-5,  27~29 

Feb:  5  fronts  (.19");  flow  direction  variable;  PG  strength 

WK-MDT  (STR  behind  fronts) 

Mar:  6  fronts  (?);  flow  direction  VRB  (till  mid  Mar)  &  NW-NE 

(after  mid  Mar);  PG  strength  MDT  (strength  behind  fronts) 
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INE 

INE 

INE 

INW 

INE 

IE 


INW 

INE 

INW 

INW 


STR  (H:  off  Oregon  coast) 

MDT  (front  into  N.  CA) 

STR  (front  dissipates;  H:  off  Oregon  coast; 

L:  in  NW  Mexico) 

MDT  (L:  over  SE  Utah) 

MDT  (front  thru  central  CA) 

STR  (front  in  S.  CA;  H:  off  NW  coast;  L: 

over  Utah) 

MDT  (H:  off  CA  coast;  L:  over  Colorado) 

-  (front  into  NW  CA;  H:  over  Idaho) 

WK  (H:  off  S.  CA  coast  &  over  N.  Colorado) 

MDT  (H:  off  S.  CA  coast;  L:  over  central 

Nevada  ) 

STR  (H:  off  Oregon  coast;  L:  over  Nevada  & 

Gulf  of  CA) 

MDT  (H:  over  Idaho  &  off  S.  CA  coast) 


STR 

(front 

thru 

central 

CA ) 

WK 

(front 

in  S . 

CA  ;  H  : 

in  N . 

CA  ) 

STR 

(front 

thru 

central 

C  A ) 

STR 

(H:  off 

cent 

ral  CA 

coast) 

STR 

(front 

thru 

N.  CA  ; 

H :  off 

central  CA 

coast) 

STR 

(H:  off 

central  CA 

coast 

&  over 

Idaho ) 

MDT 

(H:  off 

central  CA 

coast 

&  over 

Idaho) 

WK 

(front 

into 

N.  CA  ; 

H  :  off 

S .  C  A 

coast ) 

MDT 

( f  ront 

thru 

central 

CA) 

STR 

(front 

thru 

S  CA  ; 

H:  off 

S .  C  A 

coast) 

MDT 

(front 

into 

N.  CA) 

STR 

(front 

thru 

central 

CA) 

STR 

(H:  off 

central  CA 

coast) 

MDT 

(front 

into 

Washington;  L 

:  over 

Oklahoma ) 

MDT 

( L ;  over  N W 

Mexico) 

MDT 

(front 

into 

N.  CA  ; 

H  :  off 

Washir.gon  coast) 

STR 

(front 

thru 

central 

CA  ;  L 

:  over 

Nevada ) 

STR 

(front 

in  S . 

CA  ;  L  : 

over 

Colorado ) 

STR 

(front 

in  S. 

CA  ;  L  : 

over 

Colorado  ) 

MDT 

(H:  off 

Washington 

coast 

&  over 

Arizona) 

MDT  (H:  off  Washington  coast;  L:  over  N. 

Mexico) 

WK  (H:  off  central  CA  coast;  L:  over  N.  Utah) 

MDT  (H:  off  S.  CA  coast;  L:  over  S.  Nevada) 

STR  (front  in  N.  CA;  H:  off  S.  CA;  L:  over 

Nevada) 

STR  (front  dissipating  in  central  CA) 

MDT  (front  dissipating) 

STR  (H:  off  S.  CA  coast;  L:  over  Nevada) 

STR  (H;  off  S.  CA  coast;  L:  over  Nevada) 

STR  (H:  off  Washington  coast) 

MDT  (front  approach  NW  U.S.;  H:  over  Idaho) 

WK  (front  into  N.  CA;  H:  in  Utah) 

STR  (front  thru  central  CA) 

STR  (H:  over  Oregon;  L:  over  S.  Arizona) 
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F 


R  (  T ) 
June 


p 

H(T) 


1 1 

NNE 

STR 

(H:  off 

CA  coast;  L:  over  Gulf  of 

CA 

1  2 

NE 

3TR 

(dissipating  front  in  central 

C  A  ) 

1  3 

NNE 

MDT 

(front 

into  N.  CA;  L:  over  Arizona; 

1  4 

N 

STR 

(front 

thru  central  C  A ; 

1  5 

N 

STR 

(H:  off 

Oregon  coast;  L:  over 

Nevada) 

1  6 

NNE 

STR 

(H:  off 

Oregon  coast;  L:  over 

Gulf  of  CA) 

1  7 

NNE 

MDT 

(front 

into  N .  C A ;  L :  in  S .  C 

A) 

1  8 

NNE 

MDT 

(H:  over  Washington;  L:  over 

Gulf 

of  CA) 

1  9 

NNW 

MDT 

(H:  off 

S.  CA  coast  &  in  S.  Idaho) 

20 

NNE 

MDT 

(front 

thru  central  CA) 

21 

NNW 

STR 

(front 

in  S.  CA;  H:  over  Oregon) 

22 

NNW 

MDT 

(front 

approach  NW  U.S.;  H:  over 

Idaho) 

23 

NNW 

STR 

(front 

into  N.  CA) 

24 

N 

STR 

( f  ront 

into  S .  C  A ) 

25 

NNE 

STR 

(front 

approach  NW  U.S.) 

26 

NNE 

STR 

(front 

into  N .  C  A  ) 

27 

NW 

MDT 

(front 

dissipates  in  central 

CA) 

28 

-- 

— 

(L:  over  N.  CA  &  Gulf  of  C A) 

29 

NNW 

WK 

(front 

into  N.  CA;  L:  over  N. 

&  S 

.  C  A  ) 

30 

NNW 

WK 

(front 

in  N.  CA) 

31 

NNW 

STR 

(front 

thru  central  CA) 

1 

NW 

MDT 

(H:  off 

Washington  coast;  L: 

over 

S. 

Arizona) 

2 

NW 

STR 

(H:  off 

Washington  coast;  L: 

over 

s. 

Arizona) 

3 

NNW 

STR 

(L:  over  S.  Nevada) 

4 

N 

STR 

(front 

in  N.  CA;  L:  over  Nevada) 

5 

NNW 

STR 

(front 

thru  central  CA) 

6 

NW 

MDT 

(front 

in  N.  CA;  H:  off  S.  CA 

coast) 

7 

N 

STR 

(front 

dissipates;  H:  off  S. 

CA  ; 

L :  in 

Utah ) 

8 

NNE 

STR 

(H:  off 

Oregon  coast;  L:  over 

Nevada ) 

9 

NNE 

STR 

(H:  off 

Oregon  coast;  L:  over 

Nevada  ) 

1  0 

NNE 

STR 

(H:  off 

Oregon  coast;  L:  over 

Nevada ) 

1  1 

N 

MDT 

(H:  off 

CA  coast;  L:  over  Gulf  of 

C  A ) 

1  2 

N 

MDT 

(H:  off 

Washington  coast;  L: 

over 

Gulf  of 

CA) 

1  3 

NNW 

STR 

(H:  off 

Washington  coast;  L: 

over 

Nevada  ) 

1  4 

NW 

STR 

(H:  off 

Washington  coast;  L: 

over 

Nevada) 

1  5 

NNW 

STR 

(H:  off 

Washington  coast;  L: 

over 

Nevada ) 

1  6 

NW 

MDT 

(H:  off 

Washington  coast;  L: 

over 

Gulf  of 

CA) 

1  7 

NNW 

MDT 

(H:  off 

Washington  coast;  L: 

over 

Gulf  of 

CA) 

CA) 

18 

NW 

STR 

(H:  off 

Washington  coast;  L: 

over 

Gulf  of 

CA) 

1  9 

NW 

STR 

(H:  off 

N.  CA  coast;  L:  over 

Gulf 

of  CA) 

20 

NNW 

STR 

(H:  off 

N.  CA  coast;  L:  over 

Gulf 

of  CA) 

21 

NNW 

STR 

(H:  off 

N.  CA  coast;  L:  over 

Gulf 

of  CA) 

22 

NNW 

MDT 

(H:  over  Oregon;  L:  over  Gulf 

of 

CA) 

23 

NNW 

MDT 

(L:  over  N.  CA  and  Gulf  of  CA) 

24 

NNW 

MDT 

(L:  over  N.  CA  and  Gulf  of  CA) 

r»  n 
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(H:  off  central  CA  coast; 
CA) 

L  : 

over 

Gulf 

c  f 

(front  in  N W  U . S .  ;  H :  off 
over  Nevada) 

0  6  n 

tral 

CA  & 

(H:  over  Washington;  L:  over 

Gulf 

of  C 

A) 

(H:  off  central  CA  coast; 

C  A  ) 

L  : 

over 

Gulf 

o  f 

(dissipating  front  in  N. 

CA  ; 

L :  over 

Arizona) 

(H:  over  Washington) 

(H:  over  Idaho;  L:  over  Gulf  of  CA) 

(L:  over  central  CA) 

(L:  over  central  CA) 

(L:  over  Gulf  of  CA) 

(front  approach  NW  U.S.;  L:  over  Gulf  of 
CA) 

(front  into  N.  CA) 

( L :  over  N .  CA ) 

(L:  over  Nevada  &  NW  Mexico) 

(H:  off  Washington;  L:  over  S.  Nevada) 
(H:  off  Washington;  front  thru  Nevada) 
(H:  off  Washington;  L:  in  S.  CA) 

(H:  off  Washington;  L:  over  central  CA) 
(L:  over  N.  CA  &  Gulf  of  CA) 

(L:  over  N.  CA  &  off  SW  CA  coast) 

(L;  over  N.  CA  &  over  Gulf  of  CA) 

(L:  over  N.  CA  &  over  Gulf  of  CA) 

(L:  over  N.  CA  &  over  Gulf  of  CA) 

(front  into  N.  CA) 

(L:  over  N.  CA  &  over  Gulf  of  CA) 

(L:  over  N.  CA  &  over  Gulf  of  CA) 

(L:  over  N.  CA  &  over  S.  Nevada) 

(trof  thru  central  CA) 
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Appendix  C:  Diurnal  Wind  Analysis 

Wind  speed,  wind  direction,  and  the  wind  direction 
standard  diviation  are  averaged  for  6  four-hour  periods, 
starting  at  0000  PST.  The  data  is  derived  from  the  15 
minute  averages  before  final  quality  assurance. 
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